Escherichia coli DNA helicase I catalyzes a unidirectional and highly processive unwinding reaction.
Helicase I has been purified to greater than 95% homogeneity from an F+ strain of Escherichia coli, and characterized as a single-stranded DNA-dependent ATPase and a helicase. The duplex DNA unwinding reaction requires a region of ssDNA for enzyme binding and concomitant nucleoside 5'-triphosphate hydrolysis. All eight predominant nucleoside 5'-triphosphates can satisfy this requirement. Unwinding is unidirectional in the 5' to 3' direction. The length of duplex DNA unwound is independent of protein concentration suggesting that the unwinding reaction is highly processive. Kinetic analysis of the unwinding reaction indicates that the enzyme turns over very slowly from one DNA substrate molecule to another. The ATP hydrolysis reaction is continuous when circular partial duplex DNA substrates are used as DNA effectors. When linear partial duplex substrates are used ATP hydrolysis is barely detectable, although the kinetics of the unwinding reaction on linear partial duplex substrates are identical to those observed using a circular partial duplex DNA substrate. This suggests that ATP hydrolysis fuels continuous translocation of helicase I on circular single-stranded DNA while on linear single stranded DNA the enzyme translocates to the end of the DNA molecule where it must slowly dissociate from the substrate molecule and/or slowly associate with a new substrate molecule, thus resulting in a very low rate of ATP hydrolysis.